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SUI5MARY 


An  inv~ stigatj.on  ws.s  "-naae  of  three  interchangeable 
3eal.;d-gap  0.20-airf oil-chord  plain  ailerons  of  different 
contour  on  the  NACii  65- -210  airfoil  section.   The  three 
aileron  c-ntours  tested,  were  the  true  airfoil  contour, 
straight  si  cles,  and  a  beveled  trailing  edge.   The  effects 
of  aileron  contour  on  the  section  aerodynamic  character- 
istics of  the  airfoil  gnd  aileron  are  presented  herein. 

The  r^^sults  of  the  tests  indicated  that  thlcVening 
or  beveling  the  aileron  trailing  edge  by  the  amount 
investigated  voulc!  decrease  the  aileron  effectiveness, 
the  rate  of  change  of  section  lift  coefficient  with 
section  angle  of  ?^.ttack,  and  the  r,?8>:imurn  section  lift 
coefficient;  would  increase  positively  the  rate  of  change 
of  section  hinge -no me nt  coefficient  with  both  section 
angle  of  attack  and  aileron  deflection;  v;ould  shift  the 
aerodynamic  center  forwsrd;  and  y;ould  cause  no  signifi- 
cant change  in  the  section  profile-drag  coeff Icl ont  with 
aileron  neutral  or  in  the  increment  of  section  pitching- 
mom.ent  coefficient  induced  by  aileron  deflection  at 
constant  lift.   The  balancing  action  of  the  ail3ron  and 
the  loss  in  aileron  effectiveness  ca^ased  by  beveling  the 
trailing  edge  were  accentuated  by  the  application  of 
standard  leading-edge  roughness  to  the  airfoil.   The 
computed  characteristics  of  the  three  sealed  internally 
balanced  ailerons,  based  on  the  data  for  the  hinge- 
raom.ent  and  seal-oressure-diff erence  coefficients  of 
plain  ailerons,  showed  an  anpreciable  effect  of  aileron 
contour  on  the  hinge  moments  at  the  larger  aileron  deflec- 
tions even  though  all  three  ailerons  were  computed  to 
have  the  sam.e  hinge -m.omi8i  t  slope  at  small  aileron  deflec- 
tions . 
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IKTRODT^GTION 

The    use    of    thin   airfoil   sections    to   doley    the    effects 
of   coiiroress?°Lilit5    on   the   wing^j  of   modern  hlp-h-ocrf  or.aanc-3 
airplanes   has    emphasized   the   need  for-   data  on   the    aero- 
dyrar.iic    oharacteris  bios    of    ailerons    on   thin   airfoils.      The 
effects    of   ail3ron  contour  on  the    aerodynamic    character- 
istic3    of   ailerons   have    been   sho-.n  previlously   by  investi- 
gations   o  f   9    lir-'ited  nurrher   of   airfoils    equipped  v/ith 
control   surfaces.      Since    very   little    section   aerodynainic 
data   are    available    for   ailerons    on    thin   KAOA   6-serie3 
airfoils,    tests   Y;e re   inade    of    an  KACA  b^i-^lO   airfoil 
equipped  •■jvith  three    interchangeable    sealed-gap   0.20-airf oil- 
chord  plain   ailerons    of   different   contour. 

The    investigation   vias   made    in    the    Langley   tv.'o- 
dirnensional   low-turbulencs  pressure    tunnel.      The   three 
ailerons    tested  differ   only  in  contour   and  are   designated 
herein   as    true-contour,    straight-sided,    and   beveled 
ailerons.      The  hinge   r*:oTents   and   effectiveness    of   the 
aileron   and   the   pitching-rnor.-)ent   and  profile-drag  char- 
acteristics  of   the    airfoil  vjere   determined.      Tests   were 
r.ade   with  the    airfoil   s\;;rface   asrcdynariiically   smooth  and 
v;ith  standard   roughness    applied  to   the    leading   edge    of 
the    airfoil.      The   differential  oressures    across    the 
aileron   seal  were    obtained  for   \ise    in  calc'olating   the 
hinge -■^ome Tit    characteristics    of   ailerons   having  any 
aiTount   of   sealed   internal 
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The    coefficients    and   sttadoIs   used  herein   a 
f  olloY-s : 


'rtiz-       p.  < 


Cj     airfoil  section  lift  coefficient 


{^ 


7 

c^  airfoil    section  profile-drag   coefficient 


'O 


y 

Cp,^  ^1  airfoil  section  pitching-?"on^£n t  coefficient  about 
quarter -chord  point 


Wh 
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Ap/q     ssal-preRsure-differenoe  cosfficient;  oositive 
Fhen  pressure  below  s&al  is  greater  than 
pressure  above  seal 

Cj^  aileron  section  hinre-^i'Ornent  coefficient  based 

on  a3.  leron  cnorri  [  — 


.  j ,  '^^  ^. 


0.  aileron  section  hinge -'rioir-ent   ccefficioiit   based 


on  airfoil   ch 


horcl     (-^ 


who  re 

I  9irfoil  lift  per  ■'.anit  span 

d.Q  airfoil  profile  drag  per  u-nit  span 

m  airfoil   pitching  "loiuent   per   unit    span 

h  aileron  hinge   ncment  per  unit   span:    positive 

?;hen  aileron  tends    to  rlefl:;ct   do-nvn^ard 

c        chord  of  airfoil  with  aileron  neutral 

Cg,  chord  of    aileron   behind  hinge    axis 

q^.  f  ree-strean?   dynarr.l  c    press-ure      i -pp  V      j 

Vq  free-  s  troai:"   v  ■-  loci  ty 

P  free -stream  density 

and 

a^  airfoil    section   angle    of   attack^    degrees 

5g_  aileT'cn  deflection  vi/i  th   respect    to    airfoil, 

degrees:    positive   v hen   trailing   edge   is 
d'3f  1  e  c tec    d own?/ard 


F.3  yno 2  ds   nrjn-jber 
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''^l^  =    —  I 


a? 


Aa.Q     increment  in  airfoil  section  angle  cf  attack 
AOy^    incre^ient  In  sj  leron  dof  lection 


'a 


.  aileron  section  ef fectlvensss  parameter 

^     ^/^   =±20^  (ratio  of  increaient  of  airfoil  section 

angle  ci  -sttaclr  to  Increment  of  slleron 
deflection  required  to  r^.aintain  con- 
stant lift  coefficient) 
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Cv,      total  •— •— ^  in  steady  roll 

n       rrsponso  p a r a^ne t e r  (reference  1) 

/acj-j^"]    incrsKient  in  aileron  section  hinge -noment  coef- 
^   '^S     ficient  due  to  aileron  c'eflection  at  a  constant 
section  angle  of  attack 

/Ac-,  ']    incrernent  of  aileron  section  hinge -moment  coef- 
^   '''a.     ficient  due  to  change  in  section  angle  of 
attack  at  constant  aileron  deflection 

Acy  increrT'ent  of  total  aileron  section  hinge ~]::!Oirsnt 

'""^       coefficient;  in  steady  roll 

~ —   aileron  section  hinc:e -incident  paratreter 


Aa^/ASa 


The  subscripts  to  partial  derivatives  denote  the 
variables  held  constant  when  the  partial  derivatives 
were  taken.   The  derivatives  were  measui'ed  at  zero  angle 
of  attack  and  zero  aileron  deflection. 


MODEL 


The  model  had  a  2l'--inch  chord  and  a  55' 5-1^-'^^  span 
and  was  constructed  of  lairinated  mahogany  with  the  excep- 
tion of  the  Interchangeable  ailerons,  virhlch  were  constructed 
of  solid  dural  (fig.  1).   Ordlnates  of  the  NACA  65n-2LO  air- 
foil section  are  given  In  table  I. 

The  three  aileron  shaoes  tested  are  shown  in  figure  2 
and  consist  of  the  true  airfoil  conto'jr ,  straight  sides, 
and  a  beveled  trailing  edge.   The  ordlnates  of  the  true- 
contour  aileron  were  the  same  as  the  ordlnates  given  in 
table  I  for  the  trai ling-edge  part  of  th<-'-  NACA  65-]_-210  air- 
foil section.   The  contours  of  the  s traight~sided~and 
beveled  ailerons  were  forr-ied,  by  straight  lines  as  shown 
in  figure  2.   A  rubber  seal  was  used  at  the  gap  at  the 
nose  of  the  aileron. 

For  the  tests  of  the  sm.ooth  s.irfoll,  the  modiel  vv'as 
finished  with  No.  L|.00  carborundum  paper  to  produce  aero- 
d:fnamically  smooth  surfaces.   For  the  tests  of  the  air- 
foil with  standard  leadlng-edg'-j  roughness,  the  model 
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surfaces   v/ere    the    sarie    as    those   of   the    smooth   airfoil 
except   that   0.011-inch  carbor-onduTi  grains   rere    applied 
to   both   surfaces    at   the    leading  edgo   over   n   surface 
length   of  O.OSc  measured  from  the   loading   edge.      This 
roughness   is    defined  in   reference   2   as    the    standard 
roughness   for   a  2l|.-inch-chcrd  racdel. 


APPARATUS    AND   TECTS 


The   lift,    dra:2,    and  r^itching  "iiiOF.ent   of    the   niodel 
v;ere  measured  by    the   r.ethods    described  in  reference   2. 
The   aileron  hinge -rrioirent  niessurernents   v/ere  rr.ade   v/lth 
electrical-resistance    strain  gages   counted  on   the   beams 
that   supported   the    aileron.      This   method  of  irsounting 
eliminated   the   possibility   of  friction   due    to    the   use   of 
bearings    at  the    aileron  hinge   a>:is.      The   pressure   dif- 
ference  across    the    aileron   seal  was   ir.easured  with   surface 
static-pressure    orifices    located  inside    the   gap   above 
and  beloy;  the    flexible   rubber   seal. 

Tests   of    the   model  "-ith  each  of   the    three   ailerons 
were   rade   in   the    Lane  lev   tvo-dijrenaional   lowr turbulence 
pressure    tunnel   at    Heynolds   nijinbers   of   1  x  10^   and 
9   X   10*-^   and  at  Kach  nun^bers   of  0.07   and  O.17,    respec- 
tively.     The    tests   included   irieasurernents    of   lift,    aileron 
hinge  moment,    aileron  balance   pressure,    ard   airfoil 
pitching  rr.oment   for   each   aileron  deflected   in  incre- 
ments  of   5°   betv'een   -20^^   and  20'^.      Drag  r^easurements 
were   -"ad"    at   both  Reynolds   n'oiribers    through  the    complete 
range   of   aileron  deflection   for    the   model   with  the    true- 
contour  aileron   and,    for   the   ■niodels   with   the    straight-sided 

and  beveled   ailerons,    at   a   Reynolds   number   of  Q   x   10 
and     dg^  ~  0°      orlyo      In   addition,    the  model   with  each   of 

the    thi^ee    ailerons   was    tested   at    a    Teynolds    niomber  of 

>    X   10"'   with   standard   roughness    applied   to   the    leading 
edge   of    the    airfoil.      lor   the   airfoil   with   leading-edge 
roughness,    only   lift,    aileron  hinge  m-oment,    and    aileron 
balance  pressure   wer'e   m.easuredi  throug.h   the   range   of 
aileron  deflections. 

The    following   frctors    vjore    apnlied   to    correct    the  - 
tunnel  data   to   free-air   conditions i 

c,^      =  0.^9l--c^    * 
"^0  '         ^--o 
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q,.  =  1.00&q,v 

whers  the  prirried.  quantities  represent  the  values  measured 
in  the  tunneD-  (referem^e  2), 

PRESENTATION  0?  DATA 


Pop  use  in  a1  leron  design,  basic  section  data  are 
presented  for  a  range  of  ai.leron  deflection  in  figures  J 
to  9  -foi"  the  true-contoui-  aileron,  in  figures  10  to  I5 
for  the  straight-sided  aileron,  and  in  figures  16  to  21 
for  the  beveled  aileron.   These  figures  include  data  for 
the  airfoil  with  aerodynairdoally  srrooth  surfaces  and  with 
standard  rou£;hness  applied  to  the  leading  edge. 

These  basic  section  data  nay  be  used  to  predict  the 

section  hlnge-rnoinen  t  characteristics  of  ailerons  of  similar 

contour  and  chord  v;ith  any  amount  of  sealed  internal 
balance  by  the  following  equations: 


/iC 


h. 


2qo  U^y 


/2\ 

^ — ) 


2 


(1) 


'h 


^Nj3 lanced   aileron 


'clain   aileron 


+     A  "- 


(2) 


v/her; 
Acv- 

-•- ■*■(-, 


increment   in  aileron  section  hinge -Tror:ent   coef- 
ficient  i-'roduced  by    sri  internal-balance 
arrsnge'.nert 

chord   cf    overhang    froTi   aileron  hinge    axis    to 
middle    of   sealed  gap 

chord  of    aileron  behind  binge   axj  s 

twice  nose    radiius    of   olsin   aileron 
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Equation  (1),  in  which  the  overliang  is  assuined  to  extend 
to  the  iniddle  of  the  ^ap,  can  be  used  Tor  deterniining 
the  overhang  n-oments  of  sealed  Internally  balanced 
ailerons  of  noririal  configuration,  that  is,  ailerons  for 
lA'hich  the  overhang  extends  straight  forward  into  the 
balance  cnanber  and  the  sealed  gap  width  is  srall. 


The  data  obtained  at  a  Reynolds  nurrher  of  1  x  10° 
are  not  so  accurate  as  those  obtained  at  a  Reynolds 
number  of  9  x  10^  because  of  the  sjr.all  dynamic  pressure. 
The  results  for  the  lower  Reynolds  number,  hovever,  are 
believed  to  be  useful  for  iniicatjng  qualitative  effects 
of   Re^molds  numbei-  on  the  aileron  characteristics  in 

the  rang?  of  Reynolds  m.iifiber  from  1  x  10   to  9  ^  10  . 

The  effects  of  aileron  contour  on  section  char- 
acteristics are  corrpared  b2/  means  of  section  parameters, 
"'.''ari  ations  of  these  parsrieters  and  coefficients  v;ith  other 
independent  variables  5'^e   d  re  tented  in  graphical  and 
tabular  form. 

The  following  discussion .refers  to  the  data  obtsined 
at  a  Reynolds  nijmber  of  9  ^  IC?  v;ith  the  airfoil  surfaces 
aerodynamacally  smooth  unless  otherv^lse  stated. 


DISCUSSION  • 

Aileron  Ef f ecti veress 

The  effects  of  cilercn  contour  are  shov.'n  in  table  II 


and 


for  the  aileron  section  effectiveness  parameter  a^ 
for   C7    and  in  figure  22  in  '.^hich   a^   is  olotted  against 
5^   at  a  constant   cj.   Thiclrenlng  or  beveling  the  tra.iling 
edge  of  the  aileron  resulted  in  a  decrease  in  both  Cq 
and  Ct  .   The  value   of  the  effectiveness  oararreter  a^ 
of  each  of  the  three  ailerons  tested  v-as  slightly  greater 
than  the  value  (-0,k|jO)  obtained  for  a  0.2Go  plain  aileron 
of  true  airfoil  contour  on  an  IIACA  OOO9  airfoil  section 
(reference  J).   The  percent  loss  in  a.^   due  to  trailing- 
edge  modifications  to  the  true-contour  aileron  is  given 
in  the  following  table: 
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Ai leron 

Ai  ri 

oil 

Sir.ooth 

F.ou^h 

Tr-ue -contour 

0 

1 

U.7 

Strair;;Lt-s5.ded 

1 

1.5 

U.7 

Beveled 

2  •  5 

12. 1 

/ua 


Tne    vair.e    o: 


the    ef f eoti vsness    iDararreter 


0„=X20^ 

when   -nensured   over    a   range   of    aileron   deflection   of   ±20° 
at   a   constant   section   lift    coefficient   of  9.20   was   greater 
for  tlae    straight-sided   eileron  on -the    airfoil   'A-lth  a   smooth 
surface    or  v.-i  th   leading-ed7;e   roughness    than   for   the   other 
tv.'o   ailerons.      The    value   of   this   para-'aeter   for   the   beveled 
aileron  v^as    also   gi^eat-r   than   for   the    true-ccntour  aileron 
with   the    airfoil    srcoor-h.   hut   wss    lover   with   standard 
leadlnr;^-edge    rouglmess    applied    to    the    airfoil.      An 
increase    in    the    section    life   ccefficient    froiii  0.20    to 


0 .  U 


emit 


-}-.= 


irajieter 


r    U  U.  r-)    \ 


V'^^a/S    =±20' 


to   decrease    for    the    true-contour    aileron    and    to   incre-:.se 
for    the    straight-sided   and   bev3l-=d   ailerons.       The    value 

of      f -■-  i or    the    beveled   ex le-ron   i s    ouec tion- 

V^'4,=±200 
able   because  of  a  .1o;,-  in    the    lift   curve    at      c^    =   0.80    and 
5a  =  20'^      (fig.    16(b)).      The    aileron   effectiveness 
decreased   slithtlv  ?.;h'='n   the    Reynolds    norber   ras 
increased    fror^    1   x    10°    to   9    x   10'-^.,    as    shoY;n   in    table    II 
and    ii,~,ure   22. 


Aileron    H"inf 


■ionents 


Section   character  .istj  cs 


The   effect    of    aileron 


contour   on    various    ailerori   section  hi  nge -moment   parameters 
is   presented  in    table   II..    OhtUiges   in  the   aileron   contour 
from    the    true    airfoil    cntour   to   straight    sides    or   to    a 
beveled   trailing   edge   increased   the    values    of     cv, 

and      Ci^    .    positive!^".      It    is    cvid.-jnt   frorri   figure    17(b) 
--0  " 

n •-> -  ITT  TfT r.'.TT  Ix r 

\f  •-  1'  t.  1  :J2i  I-  -1  J.  .n..u 
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that    the   exsct   value  of      c,,,        at      a     =0^      for  the 

hevsled   aileron   is    coi'sidarably   less    than  0.0069   ^s 
given  in   table   II    but,,    because   of  the   sharp   chaiig-es   in 
the    variation   of      c>,      v/i  th     a_      near  a   section   an^le   of 
attac;'  of  0^,    an   ax'erap-e   slope   \,ts   used  for      Cv, 

bet-fle-en   vaj.v.es   of      a        of      -2      c-ncj   2'.      An  increase   in 

the   ■Rej^nolcs   nixrifcer  frcn?   1   x   10'"'    to   "^   x   10     provided   a 

positive   increase    in     cv        for  f11   three   ailerons    and 

■■■a 

in      G'p        for   the    beveled   ailer-.^^n   onl^   (table    II).      A 

comparison   of  the   aileron  hincernfoment   characteristics 
for"  a  Reynolds   nuTi-.ber   of  9   x   io*^'    (figs,  k,    11,    and   17) 
shows    that   as    tri.e    alleion  vas    thickened   and  beveled 
near  the    trailing   edp;e;,    abrupt   chang;. s    in     c^,      occurred 
in   tiie   low    anglo-of -attac'!-:  ran^e. 

A  coi"p8rison   of  figures    17   t^nd  20   shov/s    that   the 
abrupt   changes   in      Cv,      for   the   beveled   aileron  disaprjear 

v-'hen  roughness   Is    aopiled  tc    the   leading   ecfge   of   the 
airfoil.      The  hinge -r.oment  characteristics   of   a  beveled 
aileron,    therefcrs,   -.ay    be    senaitivo   to  wing-surl  ace 
rcughne  s  s . 

Data   shov^lnt"   tiie    variation   cf   the    increirents   of      c^-, 
and     c-u        vid  tn  chan.Tes    in  trailing-edue   angle   of   various 

ailerons    on   sorr.e   NACA  airfoil   sections   are   given   In  refer- 
ence k.      Vhen  based   on   the  change   in   trailing-edge    angle 
from  the   true- airfoil   contour,    the    incre.nents   of      c-,        and 

Ci-,        for   the    straight-sided   and  bevexea   ailerons   V7ith    the 

airfoil  either  smooth  or  v;itn  standard  roughness  applied 
to  the  leading-edge  fall  vathin  the  eyperirrental  scatter 
of   the   data  of   reference  L. 

The   effects    of  :,eynolos   nur'ber   on     ^^I^/q^      can  be 
seen  in   figure   22.      An, Increase   in   the   Rexnolds   number 
from  1  X   10^   to   9   X   lO'^   decreased   the   available   pressure 
difference    acrofs    the   aileron   seal. 

lasis    for   co'-T'oarison.  -   The   rate   cf  roll   generated    by 
the   aileron  has    an  ir.portant   effect   on    the  hinge  Trioment 
because    the    rate    of   roll   alter:;    the    crean   angle   cf   attack 
at  v.!hich   the    aileron  is   operating.      For   cor.-parison  of 
ailerons    from  section  data,    therefore,    the   aileron  hirge- 
morrient   characteristics    are   usually  determined  by  use   of 
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the   oonstant-lif t    concept,    that    is,    the    assumption   that 
the    aileron  portion  of    the  wing   acts    at   constant    lift 
during  a   steady   roll.      In   reference   1,   however,    Gates 
end   Irving   indicated   that   the    constant-lift   concept 
overs  tresses    the  iroortance   of   the  hinge -ir-oraent  parameter 
c-^  _      and  gave    the   equation  for   tlie   rate   of   change    of   the 

hlnge  —  'ioirent    coefficient   with   aileron  deflection   in 
steady  roll   as 


-h. 


'T 


/ 


'H 


(5) 


rather   than 


'^h 


Oip 


=   c 


h5\ 


/; 


+  iili^ 


\ 


65 


ih) 


■6/ 


which  is  the  equation  for  the  constant-lilt  concept. 
Although  equation  (5)  is  inadequate  for  computing 
finite-span  characteristics,  it  is  satisfactory  for 
comparing  the  three  ailerons  of  different  contour.   In 
order  to  slnplify  the  application  of  equation  (3)  to 
nonlinear  curves,  the  equation  was  converted  to 
Ixou        by 


Ao,.- 


T 


r 


^^c. 

N  *    ^ 


>    0 


1-  r. 


^h)  ^ 


u 


A  typif 


a  value  of  1/^ 


J 


(^:o 


siven  for 


n 


in  reference  1. 


The   value    corresponds    to   sevsrsl   xving-aileron   comoinations , 
one   of  which  is   a  wing  with    an   aspect   ratio   of  9   and   v.dth 
a   0.20o    aileron  having    an   equal   up-ancl-doym  deflection 
and   extending    fro"T;^55   pe":"cent    sernlGpan   to    tne   wing   tip. 
The    value  n    =     ~.     was    used   in   equation    (5).       The 


method  of    analysis    used  herein   is    considered   suitable 
for  comparing   the   relative  merits   of  the    three    ailerons. 

The    analysis    is   presented   in   the    foimi  of    the    equiva- 
lent   change    in   section   angle    of   attack     La.      required    to 
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maintain  a  constant  section  lift  coefficient  for  various 
deflections  of  the  aileron  froiri  netitral.  Tne  hinse-rroTient 

r)arc:.Tet;er -^ — ,   •■'hich  is    tne  ratio  of  the  increTiant 

in  hinge-v.'.omcnt  coefficient  in  stecdy  roll  (equation  (5)) 
to  the  aileron  effectiveness,  is  7>lottc-d  against  the 
equivalent  change  in  an^^rle  of  8tti?:ck.   The  riiethod  of 
analysis  ta'-es  into  account  the  aileron  effectiveness, 
the  hinge  '.no^ient,  and  the  possible  rrechanical  advanta,-^e 
betv/een  the  controls  and  the  ailerons.   The  span  of  the 
ailerons  and  possible  effects  of  three-dimensional  flow 
are  not  conci.d'ered  except  as  indicated  in  equation  (5)« 
The  smaller  the  valu?^  of  the  hinge -moment  paramet^^r  for 
a  i^iven  value  of   '-^^^j  '^'^'-^   'nore  advantageous  the  coriibint--.- 

tion  should  be  for  providin^^;  a  lower  control  force  for  a 

ob 
given  hslix  angle  of  the  wing  tio  '^—. 

2V 

Plain   aileron.-   In   order   to    corpare    the   plain   ailerons 
of   different    contour,    values   of    the  hin^e-monent  parameter 

ACrr 

are   plotted.   a:Tainst    ^a        in   f i  rure   ?>,.      Picture   2^ 


irp. 


irure  d^ . 

indicates    that   thickening   and   beveling   the   trailing   edge 
of   the    aileron  would   improve   the  control-force   character- 
istics  of    a   sealed-gap  0.20c   plain  aileron.      The    applica- 
tion of   standard  roughness    to   the    airfoil    causes    the    hinge- 
!F.ov.ient   oaranjter    co   decrease    In  rna^rni  tude    for   errall  values 


of     Aa^      and   to   incre; 


'or  large   values    of      Acc    . 


Balanced   aileron.-   "or   coTiipar?  Fons    of    the   t;^ree 
ailerons   of   different   oor.tour  v;ith  sealed   internal  balance, 
the   effects   of   srr.all   changes   in    the   pressure   difference 
across   the    aileron  seal   and   changes    in  v.dng  roughness    are 
iiTiPortant.      For   a   conservative   devSic^n,    the    internall;- 
balanced   aileron  saould  be    so  r,ro"ooitloncd   as   to   avoid 


overbalance   vvhen   the   v:li\f:  has    the   roughest   sur 


-.T-rr-.i 


:hat 


would  be  expected  in  service.   For  the  airfoil  with 
standard  lead""ng-edge  roughness;,  the  chord  of  overhang 


°b 

v\ias 


necessary   to   balance   each  aileron 


^^5. 


=   -0.001 


coi^outed  by  n-eans    of    the   f cllowins   equations: 


r 


^h 


^balance 


"  "^no   balance 


2 


/  =  bV        /t/2\ 


o  t 


(6) 
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^balance     ^■ 


no  oaxenoo 


(7) 


iv. 


■5r 


\ 


1  ^r 


(3) 


The  comnuted 

0.396,  r '3 spec 
and  beveled  a 
the  anglo-of- 
thsn  caloula 
seal-prassur-j 
aileron  by  us 
lira". ting  defl 
balanced  aile 
and  a  beveled 
respe  ctively . 
the  lengths  o 


/^ 


overhangs   '^v/^.   v;er3  O.556,  O.551,  and 


tively,  for  the  true 
ilerons.  The  hln^^e- 
attack  and  aileroa-d 
ed  fron  the  data  or 
-difference  coefficj 
e  of  euuations  (1)  a 
ectlons  of  the  three 
rons  0  f  t  rue  s  i  ri"o ;!  1 
trailing  edge  v;ere 
The  iraximure  deflec 
f  the  sealed  interna 


contour,  straight-sided, 
noi'ient  coefficients  for 
eflection  ranges  were 
the  hlngG-rronent  and 
ents  for  the  plain 
nd  (£).   The  approximate 

sealed  internally 

contour,  straight  i^jides, 
tlS*^,  ±15°,  and  ±20^, 


tlons  were 
1  balances, 


-irr.ited  by 


x^or  comparison  of  three  staled  internally  balanced 
ailerons,  values  of  the  hln.5:e-"'.o---'-'ent  parameter 


AC-- 


are  olotted  agalns' 


L'CL.- 


in   fip-ure   2ll. 


r 


shoT's    thrt    the   str^i  oht-sided   sil3rcn 


Aa^TSa^, 

Figure 

should  "orov'de    the    sTiiallest   control   force    of 

ax.i.erons.      The   order 
when   the   internal 


the    three    sealed   internally  balanced    ailc 


of   merit   of   the    three    aileroias    changed 
balance   v/as 


idded 


DrcausG  of  .the  effects  of  aileron  con- 


tour on  the  available  ^sal-press are-dl fference  coefficient 
at  the  liigher  aileron  deflections.   For  a  wing  v.-lth  e 
smocther^surface  than  that  for  which  the  conservative 
a-nount  of  sealed  internal  balance  was  deterin-i  ned, 
the  control  force  icr   the  straight-sided  aileron 
vjculd  change  the  least  of  the  rhree  ;-. ilerons.   This 
small  change  in  the  ccntrol  force  for  the  straight- 
sided  aileron  can  be  seen  in  .figure  24  by  a  comtrariscn  ol' 


the    va 


Ac 


-ues   o: 


Ft 


for   the    airfoil    with    standard 


lor   tlie    s'-^ootn   airfoil   v;lth   those 
3  9d:.ng-  edge    roughne  s  s  . 
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Lift 

The   effect-^   of   aileron  contour,    Reynolds   n^i;iiber,    and 

standard   airfoil    l3adirg-3d.£,e   roi'^hness   on   the   lift-ourve 

slorie      Ct        for   the   NACA   65i-210   airfoil   section  with   the 
■"  *•  a  ^ 

ail3ron   neutral    are    3hc7;n   in   tab].e   II.      A   otudy   of    table    II 
r.hows    that      C;         is    changed  h"  eithsr   roughness    or 

Reynolds   nvirrber  by  less    than  2  percent   rejax-dless   of   the 
aileron  contour.      A  reduction  in  lift-curve    slope,   hov.-ever, 
of   approxi., -.lately  2   and  7   percent,  resr»f-ctiv3ly,    r-esulted 
when   the    aileron  ^a-ss   changed  from  the    true    airfoil   contour 
to   straight   sides   or   to   a   be'jeled   trailing  edge. 

A  comparison  of   figui'3?   3,    10,    and    l6   shows    that  for 
the    airfoil   vith   errooth   surfaces    the   r-iPxirru™   section    lift 
coefficient   of   the    IxACA  6l<--210   airfoil   section  "1th   the 
aileron  neutral   v;as   approximately   5  ps-cent  less   for   the 
ri.odel  vj3th    the  straight-sided   or   Leveled    ailerons    than 
■'.'/ith   the   true-contour  aileron.      Gliis   loss   in  maxinun  sec- 
tion lift   coefficient  is    attributed   to    the    change   in 
camber   over    the    rear  n&rt   of   the    airfoil   section   caused, 
by  the    aileron-conto'ai'  ■modification.      A   comparison  of   fig- 
ures  7,    ].3  ,    jsnd  19    shpi'cs    that,    for   the    airfcil  with 
standaid    leading-edge   roughness,    the  r>iarirrui.i  section   lift 
coefficient  vas    the    sar-e    for   the    true-ccutour  and   straight- 
sided   ailerons    out   that    the  maxiraun:  section  lift   coeffi- 
cient  for  the   beveled  aileron  was    less    tha:-;   that   for-   the 
true-contour  aileron. 


Pitching  Fojront 

The    effect   01    aileron   contour   on   the    airfoil   section 

pitching  .monent  is    shov.Ti   in   table   II    and  figure   22.      Tl'ie 

rate    of    change   of      c.„     ,,       -.vi  th      c.      becomes    less   negative, 

-'c/ii  <- 

w>:.ich   i^orrespcnds    to    a  for-;;ard    shift    m    the    aerodynanic 

center,    as    the    aileron  contour   is   changed  frorr'  the    true 

airfoil  co?itour   to    straight   sides   cr   to    a  beveled   trailing 

edge.      This    change    in   aerodynamic   center   agrees   with   the 

results   of   references    ■')   and  6.      A11  increase   in   the 

Re;/nold.s   nun^ber  frotr   1   >    10°   to   9   ^   10     had  no   appreciable 
effect   on    bhe    variation    of      c        .       v;itn      5^      st    a   constant 

section  ]_ift   coefficient  of  0.2h''   (fig.    22). 
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Because   the    charaes   ?.n   section  pitchir^?  inoir.ent   of   an 
airfoil   induced  by    aileron  deflection   are    of   primary 
1  riportance   in  determinin;^   the   lateral-coi:trol   reversal 
speed,    the    variation   cf   the    increment  in   section  pitching- 
iTiOinent   coefficient      Ac.„     ,,       ivi  th    the    equivalent   change    in 

section   angle    of   attack   required    to   maintain   a   constant 


section   lift   coefficient   was   plotted  for   the    tiirea 
ailerons    (fig.    25).       The    variation   of      Ac„,      ,       with      Aa 

"  c/4 
was    approxi'.riately    •'he   same    for   the    three    ailerons    tested 

(fig.    25).      The    rate    of    ci.enge    of      Ac.^     ..       v;ith      Act 

-f^c/L'.  o 

is   0.0205,    v'hi ch  agrees   with  tlie    theoretical   and   experi- 
mental   values    {^iven   in    reference    7* 


Drag 

The   effect    of    aileron    contour  on    the    airfoil   section 
profile-drag   coeff j. cient   is   presented    in  figure   26. 
With    the   aileron   neutral,    changes   in   the    aileron   contour 
within   the    range   investigated   shc-A?  no    significant   effect 
on   the    airfoil    section   pi'cf  i  le-drag    characteristics. 

Tae    variation   of    airfoil   section  profile-drag   coef- 
ficient     ch         v'lth   section   angle    of    attach      a^      for 

o  -■ 

various    aileron  deflections   is   presented  in   figure    6    for^ 

the   true-contour  aileron   at    Reynolds   nurnhers  ^of      1   x    10^ 

and   9   X   IC'^.       At    a   Reynolds   number   of   9    x    10^,    a   low- 
drag    "    bucket"    was    realized    at    all    aileron   deflections 
(fig.    6).      Because    the    ci.iange   in     c^^  ^      v;ith   aileron   con- 

tour   was    small    with   the    aileron   neutral,    the    section 
profile-drag   characteristics    of    the   airfoil   with   either 
the   straight-sided  or  beveled   aileron   deflected  would 
probably  be    the    same    as   for   the   airfoil   v;ith   the    true- 
contour    aileron. 


CONCLUSIONS 

A   two-dimensional    wind-tunnel    investigation  was   m>ado 
of   an   NACA   65;|_-210   airfoil    equipped   with   three    inter- 
changeable   sealed-gap   0.20-airfoil-ciiOrd   plain   ailerons 
of  different   contour.      The   airfoil  v.-as    tested   with  sm.ooth 
surfaces    and   with   standard    leading-edge    roughnec-.s.      The 
data   obtained   indicated    the   follovidng    conclusions; 

1.    Changing    the    aileron   contour  by   thickening   or 
beveling   the    trailing    edge    would,  cause 


l6  CONFIDENTIAL  Fi:CA  ACR   Fo .    L5527 

(a)  Th3    aileron   section  effectiveness    paparreter  ag 
to   decrease 

(b)  Ihe   r&te    of    change    of   aileron   section 
hinge -Tiorrent   coefficient     c>-^     vlth  both  section  angle 
of   attack      a„      and   aileron  '  rlef  lection     5„      to 
increase    po3^-tiV3l;v 

(c)  The   rate   of  change   of   section   lift   coF.ffi- 
decj'ease 


cient      cj      with   section  single   of   attack      a^      to 


(d)  The  '!.'^>-irrur-   sec'-lcn   lift   coefficient   to 
decrease 

(e)  The    aerodyna:riic   center  to    shift  for^-ard 

(f)  The  increment  of  section  "itching -inoment 
coefficient  induced  by  aileron  deflection  at  con- 
stant   lift   to   retrain  the    sa:rie 

(g)  The    section  proi'i  le-drag   coefficient  vvitn 
the   aileron  n'.;utral    to   ret-ain   substantially  'disaffected 
throiighout   the    section   angle -of -attack  range 

2.    The    arpli cation   of   mu^hne^s    to    the    leading  edge 
of   the   airfoil  v;ou1q  accentuate    the  balancing   action  of 
the    aileron  and   the    loss   in  aileron  effectiveness    caused 
by  beveling  the   aileron   trailing   edge. 

9.  The  effect  of  aileron  contour  on  the  hinge  ri;oments 
of  sealed  internall;^  balanced  ailer^-ns,  as  corputed  frora 
data  en  the  hinge -r;iorrent  and  seal-pressure-difference  coef- 
ficients of  nlain  ailerons,  showed  en  appreciable  effect 
of  aileron  contour  on  the  hinge  ir.oraents  at  large  aileron 
deflections  even  though  all  three  ailerons  Y/ere  computed 
snr"ie  hinre-'^'oment    slooe    et   s~"'all   deflections. 


Langley  I"e"'orial  Aeronautical   Lf bor.itor;;^ 

Fationsl    iidvisorj-  Go;rrr.ittee  for   Aeronautics 
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TABLE  I 
ORDT NATES    FOR   NACA   65^-210   AIRFOIL  SECTION 


[stations   and   ordlnates    given  in 

percent  of   airfoil   chord]  CONFIDENTIAL 


Upper 

surface 

Lower 

surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.67o 
1.169 

.819 

.S65 

-.719 

.999 

.822 

-.859 

1.275 

1.551 

-1.059 

2.I1O8 

1.757 

2.592 

-1.^85 

2.1+91 

5.102 

-1.859 

7.59U 

5.069 

7.606 

-2.221 

9.891+ 

ill -899 

?-555 

10.106 

-2.521 

15.101 

-2.992 
-5.5I1.6 

19.909 
2U.921 

I+.958 

20.091 

5.597 

25.079 
50.061 

-5.607 
-5.78a 

29.956 
51+-951 

5-752 

5.^51+ 

55.01+9 
1+0.052 

-5-^91; 

^9.968 

l4J'..98i| 

0.067 

-5.925 

6.058 

1+5. 016 

-5.865 

50.000 

5.915 

50.000 

-5.709 

55-oiU 

5.625 

5I+.986 

-5-155 

60.027 
65.0^6 

7O.0I45 

5.217 
I+.712 

im 

-5.075 
-2.652 
-2 .  l81| 

I+.128 

69.957 
711.955 

80 .  Okli 
85.058 

5-1+79 

-1.689 

2.785 

8^.962 

-1.191 

2.057 

-.711 

90.028 

1.527 

8Q.972 

--295 

95. Oil 

.622 

9l+.'566 

.010 

100 . 000 

0 

100 . 000 

0 

L.E.    rad 

ius:    0.687 

Slop 

e    of   radius    t 

hrough   I.E. ; 

0^.08^25 
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Figure  2   .-     Sketch  of  the   three  sealed-gap  plain  ailerons   on  the 
NACA  65^-210  airfoil  section. 
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Figure  3 


^ Lift  and  pltchlng-moment   characteristics   of  an  NACA  65^^-210 

airfoil   section  equipped  with  a  sealed-gap   0.20c  plain  aileron   of  true 
alrfoU   contour.        Testa,    IDT  81+7,    8U9.    and  85O. 
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Figure  7.-     Lift  characteristics  of  an  NACA  65j^-210  airfoil  section 
equipped  with  a  sealed-gap  0.20o  plain  aileron  of  true  airfoil 
contour.     Standao'd  leading-edge  roughness;  R  =  9   ^  10°;   test, 
TDT  869. 
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Figure  8.-     ElngB-moment  characteristics  of  a  sealed-gap  0.20c  plain  aileron  of  true 
airfoil  contour  on  an  NACA  65i-210  airfoil  section  having  standard  leading-edge 
roughness.      R  =  9    x  10^;    test,   TDT  868. 
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(b)      R  =  9   X  106. 
Figure  18.-     Concluded. 
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Figure  19.-     Lift  characteristics  of  an  NACA  652^-210  airfoil  section 
equipped  with  a  sealed-gap  0.20c  plain  aileron  with  beveled  trail- 
ing edge.     Standard  leading-edge  roughness;  R  =  9  x  10°;   test, 
TDT  866. 
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Figure  20.-     Hinge-moment  charaoterlatlcs  of  a  sealed-gap  0.30c  plain  aileron  with' 
beveled  trailing  edge  on  an  NACA  65j^-210  airfoil  section  having  standard  leading- 
edge  roughness.      R  =  9   x  10^;    test,    TOT  865. 
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(b)     stralght-sidsd  aileron . 
Plgure  22.-     Continued. 
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Figure  22.-     Concluded. 
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Figure  25.-     Variation  of   Increment  of  section  pltohlng-moment  coefficient   of  an 
NACA  651-210  airfoil   section  with  equivalent   change   In   section  angle   of  attack 
required  to  maintain  a  constant   section  lift  coefficient  of   0.20  for  deflection 
of  the   three   sealed-gap  O.2O0  plain  ailerons  of  different  contour.      R  =  9   x  106. 
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